Background/Aims: Mesenchymal stem/stromal cells (MSCs) are known to home to sites of tumor microenvironments where they participate in the formation of the tumor microenvironment and to interplay with tumor cells. However, the potential functional effects of MSCs on tumor cell growth are controversial. Here, we, from the view of bone marrow MSC-derived exosomes, study the molecular mechanism of MSCs on the growth of human osteosarcoma and human gastric cancer cells. Methods: MSCs derived from human bone marrow (hBMSCs) were isolated and cultured in complete DMEM/F12 supplemented with 10% exosome-depleted fetal bovine serum and 1% penicillin-streptomycin, cell culture supernatants containing exosomes were harvested and exosome purification was performed by ultracentrifugation. Osteosarcoma (MG63) and gastric cancer (SGC7901) cells, respectively, were treated with hBMSC-derived exosomes in the presence or absence of a small molecule inhibitor of Hedgehog pathway. Cell viability was measured by transwell invasion assay, scratch migration assay and CCK-8 test. The expression of the signaling molecules Smoothened, Patched-1, Gli1 and the ligand Shh were tested by western blot and RT-PCR. Results: In this study, we found that hBMSC-derived exosomes promoted MG63 and SGC7901 cell growth through the activation of Hedgehog signaling pathway. Inhibition of Hedgehog signaling pathway significantly suppressed the process of hBMSC-derived exosomes on tumor growth. Conclusion: Our findings demonstrated the new roles of hedgehog signaling pathway in the hBMSCs-derived exosomes induced tumor progression.
Introduction
Mesenchymal stem cells (MSCs), also called Mesenchymal stromal cells, are nonhematopoietic, adherent fibroblast-like cells with innate ability for self-renewal, immune modulation and potential for multilineage differentiation [1] [2] [3] . Although MSCs primarily reside in the bone marrow [4, 5] , they are also found in placenta tissue, umbilical cord blood, adipose tissue,and in many other organs, where they are involved in maintenance and regeneration of surrounded tissues [6, 7] . Whether MSCs from different sources can be regarded as the same cell type and whether surrounded microenvironments may affect their phenotype and function are still debating [8, 9] . It has been reported that MSCs home to sites of tumor microenvironments where they participate in the formation of the tumor microenvironment and to interact with cancer cells [10, 11] . For these reasons, MSCs can be considered as potential targets for cancer therapy [12] [13] [14] . In addition, MSCs homing to tumors not only provide the microenvironment for tumor cells, but also promote tumor growth and metastasis [15] [16] [17] , although anti-tumor activities have also been reported underscoring MSC's pleiotropic properties [18] [19] [20] . However the exact mechanism remains unclear.
Exosomes are 40-100 nm diameter small vesicles that are secreted in the extracellular milieu by various cell types, including stem cells [21] . Exosomes are packaged with proteins, lipids and nucleic acids such as mRNAs, microRNAs (miRNAs), long non-coding RNAs (lncRNAs), genomic DNA, cDNA, and mitochondrial DNA (mtDNA), which could be used as cancer biomarker [22, 23] . Exosomes play an important role in cell-to-cell communication.
They can be either taken up by neighboring cells or carried to distant sites via biological fluids and may therefore induce the phenotypic modifications in recipient cells [24, 25] . The possible mechanisms by which MSC-derived exosomes affect tumor initiation and progression have been explored. De Boeck et al. reported that MSCs promote colorectal cancer progression through paracrine neuregulin 1/HER3 signaling [26] . Zhu et al. regarded that exosomes from human adipose-derived MSCs promote migration through Wnt signaling pathway in a breast cancer cell model [27] . It has been studied that exosomes play an important role in Hedgehog pathway transporting and gradient formation [28] , The activation of hedgehog signaling pathway has been attributed in a variety of human cancer, including medulloblastomas, basal cell carcinomas, gastrointestinal, leukemia, breast, lung, ovarian, and prostate cancer [29] . In addition, ligand Shh, Patch, Gli1 and Smoothened, as key molecules in the Hedgehog signaling pathway, are responsible for transduction of the intracellular signal to the nucleus and activity of downstream Hedgehog target genes [30] .
To optimally understand and exploit the paracrine effects of MSC-derived exosomes on tumor progression, we therefore isolated exosomes from human bone marrow derived MSCs (hBMSCs) by monolayer culture, and investigated the effects of hBMSC-exosomes on tumor cell growth through hedgehog signaling pathway.
Materials and Methods
Cell culture hBMSCs were isolated and cultured as previously reported [31] . All patients agreed voluntarily to participate in the study which was approved by the ethics committee of Lanzhou university second hospital (Lanzhou, china). After isolation, hBMSCs were cultured in complete DMEM/F12 supplemented with 10% exosome-depleted fetal bovine serum and 1% penicillin-streptomycin. Exosomes in fetal bovine serum were depleted by ultracentrifugation. Resuspended hBMSCs were plated in 25 cm2 culture flask at a density of 5×105 and incubated at 37°C in a humidified environment containing 5% CO2.When wall-attached hBMSCs reached80% confluence, culture supernatants from hBMSCs was harvested and hBMSCs were expanded. The 3rd passage was collected for in-vitro phenotype analysis. Cellular surface antigens were examined with flow-cytometry of human hBMSCs positive for CD29, CD44, andCD105 and negative for CD45 and HLA-DR, as previously described [32] . Human osteosarcoma MG63 cells and human gastric cancer SGC7901 were purchased from Cell Bank, Chi Scientific, Inc. MG63 was cultured in MEM and SGC7901 was cultured in complete DMEM/F12 supplemented with 10% fetal bovine serum, 1% penicillin-streptomycin. All cells cultured in an incubator with a humidify atmosphere of 5% CO 2 at 37°C.
Isolation of exosomes
The exosome-depleted fetal bovine serum for hBMSCs culture and cell culture supernatants containing exosomes were harvested and the exosomes purification by ultracentrifugation using a Ti70 rotor (optima L-100 XP Ultracentrifuge, Beckman Coulter, Brea, CA, USA). When the hBMSCs reached 80%-90% confluence, they were cultured for another 48 h and then the supernatants containing exosomes were purified according to the exosome extraction protocol [33] . In brief, cell culture supernatants were centrifuged at 300 ×g for 10 min to remove cells, 2000 ×g for 10 min to remove dead cells, and then 10, 000 ×g for 30 min to remove cell debris, and the supernatant was kept for the next step ultracentrifugation. After the two 100, 000 ×g ultracentrifugations for 70min, pellets (exosomes) are kept, and supernatants are discarded. All centrifugations should be performed at 4°C. The aliquots were passed through 0.22-μm filters, the pellet was carefully resuspended in 200 μl PBS and used immediately or stored at −80 °C.
Transmission electron microscopy
The methods of fix exosomes on electron-microscope grid have been described previously [33] . In brief, deposit 5μl purified exosomes on formvar-carbon coated grid. Prepare three grids for each exosome preparation. Cover and let the membranes adsorb for 20 min in a dry environment. After adsorption, the samples were washed with 100μl drops of PBS and transfer the grids to a 50μl drop of 1% glutaraldehyde for 5 min. The grids were washed seven times with a 100μl drop of distilled water and let grids stand for 2 min. Repeat seven times for a total of eight water washes. Grids were dried and observed by transmission electron microscopy (FEI) at 200 kV. The images were captured using TIA software.
Fluorescent labeling and confocal microscopy
For exosome uptake studies, exosomes were labeled using the PKH26 red fluorescence cell linker kit as previously described [34] . Briefly, 15μg exosomes diluted in 100μl PBS were added to 1ml Diluent C. In parallel, 2μl PKH26 dye was added to 1ml Diluent C and incubated with the exosome solution for 4 minutes at room temperature. To bind excess dye, 2ml 1% bovine serum albumin/PBS was added. The labeled exosomes were harvested at 100, 000 ×g for 80 minutes, and the exosomes pellet was suspended with 10μl PBS and used for further uptake experiments. MG63 and SGC7901 cells were previously cultured to 70% confluency in a 12-well plate and the medium was replaced with DMEM/F12 containing the labeled exosomes. After 24 hours incubation, MG63 and SGC7901 cells were washed by PBS for two times and fixed in 4% paraformaldehyde for 20 minutes respectively. The cells nuclei was labeled by 4',6-diamidino-2-phenylindole (DAPI) and imaged under Nikon Eclipse 80i confocal fluorescence microscopy.
Cell viability assay
Cell growth was determined by the CCK-8 assay. MG63 and SGC7901 were respectively co-cultured with different concentrations of exosomes (0, 200, 400 and 800μg/ml) and exosomes (400μg/ml) with different concentrations of GANT-61 (0, 5, 10, 20 μM) in a 96-well plates at 3×103 cells per well, Cells treated with an equal volume of exosome-depleted medium served as controls. Cell viability was measured at 24, 48 and 72 h after exosomes and GANT-61 treatment. The cell viability was expressed as optical density (OD). The OD was measured at 540 nm using a microplate reader. The data are presented as the means ± SD.
Scratch migration assay
Scratch migration assay was performed as previously described [35] . Briefly, MG63 and SGC-7901 were plated in a 12-well plate at 1×105 cells per well and incubated at 37°C in a humidified environment containing 5% CO2. When cells were grown to 90% confluence, a scratch is made through the confluent monolayer, using a sterile 10 μl plastic micropipette tip, washed twice with PBS, and replaced in media added exosomes (400μg/ml) with or without GANT-61 (10 μM), Cells treated with an equal volume of conditional medium served as controls. Cancer cells migrate in to the scratch area as single cells from the confluent sides. The width of the scratch gap is viewed at different time periods (0, 24, 48 hours)under the microscope.
Transwell invasion assay
For invasion assay, we firstly prepared for matrigel coated membrane in the upper chamber. Each chamber was precoated with 40μl diluted matrigel/well overnight before seeding cells and then cancer Cancer cells were treated with exosomes (400μg/ml) or treated with exosomes (400μg/ml) and GANT-61(10μM). An equal volume of exosome-depleted medium was used as a control. Growth media (500μl) containing 10% FBS was added in the lower chamber of the transwell as a chemo-attractant. After a 24 h incubation period at 37°C, 5% CO 2 , Invaded cancer cells in the lower chamber were fixed in ethanol for 15 min and stained with 0.1% crystal violet. The number of cells invading through the membrane was counted under a light microscope(20X, three random fields per well).
Western blot analysis
To identify the individual proteins in exosomes, the protein concentrations were quantified by BCA protein assay kit (Beyotime Biotechnology,China).A total of 50μg of exosomal protein were loaded and separated on 10% SDS-PAGE, then transferred onto PVDF membranes. The membranes were incubated with the followed primary mouse monoclonal unconjugated antibodies against Hsp70, CD63 followed by incubation with secondary antibodies.
For western blot analysis of the effect of BMSC-exosomes and Hedgehog signaling pathway inhibitor GANT-61 on cancer cell growth, MG63 and SGC-7901 cells, treated with or without exosomes (400μg/ml) and 10 μM GANT-61 for various time points, were cultured in 6-well plates. At the end of incubation period, cancer cells from each group were lysed and prepared using RIPA buffer. Proteins were detected using specific antibodies anti-Smoothened, anti-Patched/PTCH1, anti-Gli1 and anti-Sonic hedgehog (Abcam, Inc. Shanghai, China). GAPDH was used as a loading control.
Real-time quantitative PCR
To confirm the gene array analyses, qRT-PCR was performed as previously described [36] . To detect changes in gene expression in the MG63 and SGC-7901 cells after BMSC-exosomes treatment or coimplantation with GANT-61, cells were seeded at 2 × 105 cells/well in 6-well plates and incubated at 37°C to allow cell attachment. After 24 hours, the cells were treated with exosomes (400μg/ml for 24 h), and co-implantation with GANT-61 (10 μM for 24 h). Cells cultured in an equal volume of exosome-free medium served as controls. After incubation, the cells were harvested. Total RNA was extracted using the Trizol reagent. Real-time PCR assays were performed in accordance with the manufacturer's instructions, using an ABI 7500 Sequence Detection System. Equal quantities of cDNA template were used for PCR with primers to generate specific products, The following PCR primers were used:
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used to normalize RNA inputs. HK-GAPD was used as endogenous normalization control. All assays were calculated on the basis of ΔΔCt method. The n-fold change in mRNAs expression was determined according to the method of 2 −ΔΔCT .
Statistical analyses
The statistical analyses were performed with IBM SPSS Statistics 21 software (SPSS, Chicago, IL, USA). Differences were analyze using Student's t-test or one-way ANOVA. Data are presented as mean ± standard deviation (SD), a value of p less than 0.05 was considered to be statistically significant.
Results

hBMSCs transfer exosomes to cancer cells
We first successfully isolated MSCs derived from human bone marrow, which exhibited plastic adherence, grew as a fibroblast-like, spindle shaped morphology after 2-3 passages (Fig.1A) , expressed CD29, CD44, and CD105 markers, while they were negative for CD45 or HLA-DR (Fig. 1B) , this is consistent with the results reported in previous study [37] . Purified hBMSCexosomes from culture supernatant have been demonstrated by transmission electron mi- croscopy, and typical small round nanoparticles with a diameter ranging from 40 to 80 nm were observed ( Fig. 2A) . Harvested exosomes and MSCs expressed the exosomal surface markers Hsp70 and CD63, While negative in control PBS used to suspend the exosomes (Fig. 2B) .
To test whether hBM-SC-exosomes were internalized by MG63 and SGC7901 cells, we used the fluorescent dye, PKH26 to labeled exosome, and cell nuclei were dyed by DAPI, then the exosomes and cells were incubated for 2 hours at 37°C with 5% CO2. After incubation, we can see that the more will be intensity of red color-as there are more exosomes left, whereas the less will be intensity of red color -as there are less exosomes left. Under the confocal laser microscopy, we observed exosomes were internalized by MG63 and SGC7901 cells. For excluding the PKH26dye contamination in MG63 and SGC7901 cells, exosome-free supernatant was also dyed by PKH26 and was treated in the same way as exosomes and considered a negative control. No red fluorescence was detected when the MG63 and SGC7901 cells were treated with this control medium (Fig.  3) .
hBMSC-derived exosomes increased cancer cell migration and promoted tumor growth through Hedgehog signaling pathway
To identify whether hBMSC-derived exosomes promoted MG63 and SGC7901 cells migration, we performed a transwell invasion assay, after incubation with 400μg/ml hBMSCexosomes for 24 hours, we found that human osteosarcoma MG63 cells and gastric cancer SGC7901 cells exhibited an enhanced migratory capacity after treatment with hBMSC-exosomes. However, this migratory capacity can be blocked by targeting the Hedgehog pathway with GANT-61. For excluding the effect of culture medium on MG63 and SGC7901, we added the culture medium as control group. As expected, the migration capacity of MG63 and SGC7901 cells treated with culture medium without exosomes was decreased. As shown in Fig. 4A . To further confirm this result, we performed a scratch assay to assess the migratory capacity of cells, MG63 and SGC7901 cells treated with 400μg/ml hBMSC-exosomes migrated nearly 100% of the scratch within 48h, while cells treated with both 400μg/ml hBMSC-exosomes and 10μM GANT-61 failed to close the scratch after 48hours. MG63 and SGC7901 cells treated with exosome-free medium had respectively migrated 70% and 60% of the scratch after 48 hours incubation, which produced similar results with transwell invasion assay (Fig. 4B) .
To investigate whether hBMSC-derived exosomes can promote MG63 and SGC7901 cells growth, we performed a CCK-8 assay. MG63 and SGC7901cells were respectively co-cultured with different concentrations of exosomes(0, 200, 400 and 800μg/ml) and exosomes(400μg/ ml) with different concentrations of GANT-61(0, 5, 10, 20 μM) in a 96-well plates. Cell viability was measured at 24, 48 and 72h after exosomes and GANT-61 treatment. The CCK-8 assay Fig. 3 . Uptake of hBMSC-exosomes by MG63 and SGC7901 cells. MSC-derived exosomes were labeled with PKH26 (red) for 4 minutes at room temperature(B,H), exosomefree supernatant was also dyed by PKH26 as a negative control (E,K). MG63 and SGC7901 cells were incubated with absence (control) or presence of labeled exosomes for 24 hours, MG63 and SGC7901 cells were stained using DAPI (A,D,G,J). PKH26-labelled exosomes have been internalized by MG63 and SGC7901 cells imaging with confocal fluorescence microscopy(original magnification, ×100)(C,I).
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showed that hBMSC-derived exosomes increased proliferation of both MG63 and SGC7901 cells in a dose-dependent manner at 24h (Fig.4C) . However, in the GANT-61 treated groups, the promoting effects hBMSC-derived exosomes made have been suppressed by GANT-61 (Fig.4D) . Therefore, it is suggested that hBMSC-derived exosomes increased cancer cells MG63 and SGC7901 growth through Hedgehog signaling pathway.
hBMSC-derived exosomes activate the Hedgehog signaling pathway in recipient osteosarcoma and gastric cancer cells line.
To further confirm the mechanisms by which hBMSC-exosomes promoted MG63 cells growth and migration, MG63 cells were treated with 400μg/ml hBMSC-exosomes and exposed to both 400μg/ml hBMSC-exosomes and 10μM GANT-61. After 24h incubation, the whole cell lysates were subjected to western blotting. We observed that hBMSC-exosomes upregulated the Hedgehog signaling pathway in MG63 cells, consistent expression of MG63 and SGC-7901 cells were treated with 400μg/ml BMSCexosomes or exposed to 400μg/ml BMSC-exosomes and 10μM GANT-61 for 24 hours and mRNA expression levels of Gli1, Patched-1, Shh and Smoothened were detected by real-time PCR.GAPDH was used as the internal control.Data are shown as the means±SD (n=3). *P <0.05, **P <0.01. components of Hedgehog signaling pathway including the signaling molecules Smoothened, Patched-1, Gli1 and the ligand Shh. While in GANT-61 treated sample, We found a down regulated expression of Hedgehog signaling markers (Fig.5A) . To further confirm that the correlation of hBMSC-derived exosomes with Hedgehog signaling pathway in the progress of cancer cells, we also employed gastric cancer cell line, SGC7901, to produce the similar results (Fig. 5A) . Cancer cell lines were stimulated with hBMSC-derived exosomes for 24h in the presence or absence of GANT-61, RT-PCR was subsequently conducted to observe the effects of hBMSC-exosomes and GANT61 on hedgehog pathway components in the cancer cell lines. In MG63 and SGC7901 cells, the expression of Gli1, Patched-1, Shh and Smoothened were significantly higher when cancer cells were cultured with hBMSCs-exosomes than when they were cultured on exosome-free medium. Furthermore, when GANT-61 was added to hBMSCs-exosomes, the transcripts tested (Gli1, Patched-1, Shh and Smoothened) more than 2-fold down regulation (Fig. 5B) .
These results clearly demonstrate hBMSC-exosomes activate the Hedgehog signaling pathway in recipient human osteosarcoma cells and gastric cancer cells, and transcripts involved in hedgehog pathway shuttled by hBMSC-exosomes.
Discussion
In recent years, accumulating evidence indicates that MSCs play an important role on the initiation, progression and metastasis of certain tumor types, and it is believed that paracrine factors secreted by MSCs may be involved in these responses [25, 38] . Exosomes, as paracrine factors, carry enormous populations of bioactive molecules, transfer their contents to neighboring tumor cells and induce the phenotypic modifications in recipient cells [25, 39] .
Even though the research of the interaction between hBMSC-exosomes and tumor growth has become a hot focus in recent years, however the effects of hBMSC-exosomes on the initiation and progression of tumors remains relatively unexplored. Several studies have showed that hBMSC-exosomes contribute to tumor initiation, proliferation and metastasis [27, 38] . Whereas other reports have studied that hBMSC-exosomes inhibit tumor growth and angiogenesis [18, 20] . To examine the exact effects of hBMSC-exosomes on tumor growth, this study examined the signaling pathway of exosomes derived from MSCs isolated from human bone marrow tissue to understand the potential molecular mechanism on cancer initiation and progression. We found that hBMSC-exosomes act as paracrine factors for reactivation of Hedgehog signaling pathway in cancer cells, suggesting that Hedgehog signaling pathway play an important role in cancer proliferation and metastasis. Exosomes, acting as exogenous factors, might have stimulated endogenous expression of intrinsic molecules of Hedgehog signaling pathway and activation of intracellular events of this pathway, as indicated by the expression of Shh ligand, Gli1, Ptch1 and Smo transcripts. Interestingly, in this study we found that the stimulatory effects of MSC-derived exosomes on cancer progression are markedly different in different cancer types. Compared with osteosarcoma cells, gastric cancer cells appear to be more sensitive to exosomes in terms of invasion and proliferation. Also, gastric cancer cells are more sensitive to inhibitory treatment,which can be important in therapeutic point of view. Consistent with invasive behavior, the expression of Hedgehog signaling molecules also seems to be more active in gastric cancer cells.
Recent report also show exosomes have been investigated as potential mediators of hedgehog signaling during development [28] . Exosomes have been implicated in the secretion, diffusion and signal transduction of the class of lipid-modified ligand, those of the Hedgehog family of secreted proteins [40] . Gradilla et al. regarded a functional Hedgehog associated to heterogeneous exosomes, either originated from exosomes or/and directly shedding from the plasma membrane of cytonemes, and that are essential for Hedgehog gradient formation [28] . The Hedgehog pathway was initially recognized for its role in embryonic Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry cell growth and differentiation and is involved in stem cell renewal, tissue regeneration, and tissue homeostasis [41] . It has also been found that Hedgehog signaling pathway was aberrantly activated which has been associated with initiation, proliferation, differentiation, migration of cell in several malignancies, including osteosarcoma cancer, gastric cancer, and so forth [42] [43] [44] . Activation of the canonical Hedgehog signaling cascade is mediated by three secreted ligands-Sonic Hedgehog (Shh), Indian Hedgehog (Ihh), and Desert Hedgehog (Dhh) and trans-membrane receptor Patched (Ptch), this activates another trans-membrane signaling molecule smoothened(Smo) [45] . Subsequently Smo signaling triggers the final mediator of hedgehog signaling, the activation of glioma-associated oncogene (Gli) family of transcription factors, Activation of the Gli proteins stimulates the transcription of hedgehog pathway target genes, including Gli1, which further amplifies the initial hedgehog signal,Gli2 and Ptch [46] . Blockage of Hedgehog signaling pathway has been proved to inhibit tumor initiation, progression and metastasis [47] . Cyclopamine, specifically binds and inhibits Smo receptor, is the first known inhibitor of the Hedgehog pathway. However, cyclopamine were not so effective for various cancer types in which Hedgehog ligand over-expression is considered to drive caner growth [48] . A small molecule inhibitor of Gli1 and Gli2, GANT61, was recently identified, acts in the nucleus to blocked Gli1-DNA binding and shows a high specificity for Hedgehog signaling [49] . Based on the above notions, in this study, we applied hBMSC-exosomes to treated different cancer cell lines. We found that these exosomes can be taken up by cancer cells. This leads to cancer cells proliferation and invasion and leads to consistent expression of various components of Hedgehog signaling pathway. To further investigated the potential involved signaling pathways of hBMSC-exosomes on tumor growth, then we used Shh/Gli antagonist, GANT61, to treat cancer cells and found that targeting Shh/Gli signaling effectively reduces hMSC-exosomes properties.
Conclusion
Our current findings for the first time demonstrated that exosomes secreted by hBMSCs have the ability to promote tumor growth through the activation of Hedgehog signaling pathway. Our findings provide new evidence of the way in which hMSCs participate in tumor progression. Thus, these findings may be of importance while modulating hedgehog signaling could be considered as a therapeutic intervention to reduce osteosarcoma and gastric cancer progression.
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